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Abstract 
Increasingly, the Nintendo Wii gaming system has been cited as an adjunctive tool for physical 
rehabilitation, particularly among older adults and individuals with limited mobility. However, 
evidence supporting “Wii-hab” remains predominantly anecdotal. The present study evaluates 
the effectiveness of a 12-week home-based exercise program designed around the Wii, in 
improving balance of individuals with Parkinson’s disease (PD). Fifteen individuals with PD 
engaged in three 30-minute Wii balance-training sessions per week, for 12 weeks. Balance was 
assessed using a forceplate in 4 quiet standing conditions of varying difficulty at 3 testing 
sessions: (1) baseline; (2) 6 weeks; and (3) 12 weeks. Participants were also asked to complete a 
balance confidence survey at each testing session. Results suggest that the program had a 
positive effect on balance. Furthermore, results supported that the Wii training program had a 
significant effect on program adherence. Results suggested improvements in balance and balance 
confidence. 
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CHAPTER 1: INTRODUCTION 
Introduction to Parkinson’s Disease 
Parkinson’s disease (PD) is a progressive neurological disorder characterized by 
bradykinesia (slowness of movement), rigidity (stiffness), resting tremor and postural instability 
(Jankovic, 2008).  The average age of onset is 60 years of age (Korchounov, Schipper, 
Preobrazhenskaya, Kessler, & Yakhno, 2004).  It is estimated that approximately 100,000 
Canadians are currently living with the disease, and that number is expected to double by 2016 
(Parkinson Society Canada, 2004). The clinical diagnosis of Parkinson’s is based on the presence 
of two of the cardinal features of resting tremor, bradykinesia, and rigidity, as well as symptom 
improvement with the administration of levodopa (Lyons & Pahwa, 2011).    
Pathophysiologically, PD stems from the progressive degeneration of dopaminergic 
neurons in the substantia nigra pars compacta (Fahn, 2003). These dopaminergic neurons in turn 
project from the substantia nigra to various nuclei that make up the basal ganglia including the 
putamen, caudate nucleus, subthalamic nucleus, and the globus pallidus interna and externa 
(Obeso et al., 2000). Collectively the basal nuclei are believed to play a role in not only the 
initiation and termination of voluntary movements, but are responsible for regulating the 
intensity of these movements (Marieb & Mallatt, 1992).  Accordingly, insufficient levels of 
dopamine lead to impaired basal ganglial function, the consequences of which manifest as the 
cardinal features of PD (tremor, rigidity, bradykinesia, and postural instability) many of which 
lend themselves to an increased occurrence of falls (Bloem, Hausdorff, Visser, & Giladi, 2004). 
When compared to other medical conditions, PD has been found to be the leading cause 
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of falls in the elderly (Teno, Kiel, & Mor, 1990). The risk of falls and near falls in PD compared 
to the general population has been reported to be two and threefold respectively (Teno, et al., 
1990). Prospective studies suggest that up to 70% of individuals with PD report experiencing a 
fall over one year (Balash, Peretz, Leibovich, Herman, Hausdorff, & Giladi, 2005; Bloem, 
Grimbergen, Cramer, Willemsen, & Zwinderman, 2001; Gray & Hildebrand, 2000; Wood, 
Bilclough, Bowron, & Walker, 2002), and that 10% report falling more than once per week 
(Koller, Glatt, Vetere-Overfield, & Hassanein, 1989).  Forty to sixty-five percent of falls in PD 
have been reported to lead to injury, and over seventy-five percent of these injuries require 
healthcare services (Gray & Hildebrand, 2000; Wielinski, Erickson-Davis, Wichmann, Walde-
Douglas, & Parashos, 2005). The most common injuries related to falls include bone fractures, 
skin lacerations to both the upper and lower extremities, and subdural hematomas (Balash, et al., 
2005; Gray & Hildebrand, 2000).  Johnell, Melton, Atkinson, O’Fallon, and Kurland (1992) 
reported that by 10 years after diagnosis, an estimated 27% of those in a Parkinsonian cohort had 
experienced a new hip fracture; a 20-fold increase in risk when compared with an age- and sex-
matched control group.  
Although the motor symptoms of PD dominate the clinical symptoms, it has been 
suggested that close to 90% of patients experience at least one non-motor symptom, and that 
about 10% exhibit five non-motor symptoms (Shulman, Taback, Bean, & Weiner, 2001). These 
symptoms include fatigue, sleep disturbance, constipation, bladder and gastrointestinal 
disturbance, and sensory complaints such as pain, numbness, tingling, and burning in the limbs 
(Fahn, 2003). Behavioral and mental symptoms are also common in individuals with PD and 
may include changes in mood such as depression, decreased motivation and apathy, slowness in 
thinking, and declining cognition that can progress to dementia (Chaudhuri & Schapira, 2009; 
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Fahn, 2003). Despite their common occurrence, non-motor symptoms often remain 
underreported by patients (Chaudhuri & Odin, 2010; Chaudhuri, Prieto-Jurcynska, et al., 2010). 
When asked why these symptoms remain undeclared patients report that they are not aware that 
the symptoms are related to PD; that the physician’s questioning focused only on motor 
symptoms; and/or that they feel embarrassed, especially when discussing symptoms related to 
automatic functions (Chaudhuri & Schapira, 2009). 
Management of Parkinson’s Disease 
Unfortunately, at present, there remains no cure for PD, as such treatment is focused on 
symptom management via dopamine replacement therapy. To date levodopa remains the single 
most effective drug available (Hely, Fung, & Morris, 2000; Silva, et al., 1997). Regrettably, after 
about 5 years of beginning treatment 50% of patients taking levodopa develop motor 
complications including dyskinesias (involuntary uncontrolled movements) (Kumar, Van 
Gerpen, Bower, & Ahlskog, 2005; Mazzella, et al., 2005; Rascol, 2000). To help delay the onset 
of these motor complications, pharmacological management often first begins with dopamine 
agonists rather than levodopa.  Although several of these drugs are available (i.e., pramipexole, 
ropinirole), they tend to be less effective then levodopa.  In a randomized controlled trial motor 
symptoms and activities of daily living were found to improve 40%-50% with levodopa, but only 
30% with dopamine agonists (Holloway, et al., 2004; Lees, Katzenschlager, Head, & Ben-
Shlomo, 2001; Rascol, 2000). Moreover, although less disabling then dyskinesias, dopamine 
agonists are more likely to cause side effects such as drowsiness, dry mouth, hallucinations, and 
confusion (Fahn, 2003; Munchau & Bhatia, 2000). 
4 
 
While medication has been found to work very well in improving some of the symptoms 
of PD such as bradykinesia, rigidity, and tremor, it has been found to be only partially effective 
in the treatment of balance, posture, and non-motoric symptoms (Bowes, et al., 1990; Levy-
Tzedek, Krebs, Arle, Shils, & Poizner, 2011). For example, Koller et al. (1989) reported a 
decrease in falls with dopaminergic therapy due to a decrease in bradykinesia and gait 
impairments, but found that postural instability was generally unaffected. Furthermore, several 
authors have reported that pharmacological management either a) fails to improve postural 
stability or b) makes it worse secondary to side effects such as orthostatic hypotension, 
dyskinesias, and/or confusion (Bloem, 1992; Robinson, et al., 2005). Finally, as PD progresses, 
medication often becomes less effective and the response to medication becomes more variable 
(Gauntlett-Gilbert & Brown, 1998). For example, with advancing PD, patients will experience a 
loss of the beneficial drug effect prior to their next scheduled dose, a phenomenon referred to as 
“wearing off” or “end of dose” deterioration. While in the beginning, wearing-off may be subtle 
and take the form of mild sensory symptoms, over time the fluctuations tend to become 
increasingly unpredictable, and lead to spontaneous “off” episodes that are not related to the 
timing of medication dosing (Bhidayasiri & Truong, 2008).  
Health Related Quality of Life in Parkinson’s Disease 
Taken together the motor and non-motor impairments coupled with side- effects, 
decreased efficacy, and fluctuations associated with pharmacotherapy have a considerable 
impact on an individual’s well being (Hackney & Earhart, 2009). As a result, the quality of life 
of both individuals living with PD and their caregivers has been reported to be significantly 
impacted (Habermann, 2000). For example, many people with PD are embarrassed about their 
illness, and gradually socially withdraw as the disease progresses (Prediger, Matheus, 
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Schwarzbold, Lima, & Vital, 2012).  Specifically, resulting from highly visible symptoms such 
as decreased facial expressions, slurred speech, shuffling gait, and increased tremor, individuals 
often begin to loose the motivation to be socially active as they fear of being negatively 
evaluated in public (Prediger et al., 2012).   
 Acknowledging that the course of the disease is unpredictable and that their futures are 
uncertain (Habermann, 1996), individuals with PD who are employed often struggle with the 
decision as to whether they should remain in the workforce. Although the decision to cease 
working is sometimes necessary, it raises several concerns related to diminished productivity in 
society, financial dependence on others, and loss of identity as a working person (Habermann, 
1996). Many of the participants interviewed in Habermann’s study defined themselves as 
“workaholics”, and subsequently described that when they ceased working they were left 
struggling to establish a meaningful identity without employment.  
Similar to the way in which PD disrupts roles within the workplace, the disease often 
brings about changes in family life regarding how responsibilities at home are negotiated. While 
in some instances family members will take on additional responsibilities and accept the changes 
in roles smoothly, in other cases these changes may result in significant strain. For example, one 
participant in Habermann’s study described how their physical deterioration contributed to the 
separation from their spouse, whereas another spoke of how the relationship with their children 
was negatively impacted due to an increasing level of dependence. 
Economic Burden of Parkinson’s Disease 
In addition to significantly impacting quality of life, PD bears a considerable economic 
burden on society in terms of both direct and indirect costs. Direct costs include those that are 
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associated with the prevention, detection, and treatment of PD. Typically categorized as 
hospitals, drugs, physicians and research, direct costs also include transportation costs to and 
from appointments (Parkinson Society Canada, 2004).  Indirect costs are comprised of costs 
associated with a loss of productivity and informal care provided by care partners, family 
members, and friends. The total cost of PD in Canada in 1998 was estimated to be $558.1 million 
dollars with 70.2% of the cost coming from long-term disability, 7.1% from hospital visits, and 
4.1% in Physician care (Parkinson Society Canada, 2004). In light of the fact that  $24.1 million 
dollars per year is being spent on drugs alone (Parkinson Society Canada, 2004), the need to 
examine alternative treatment strategies as a means to more effectively manage the disease is 
exponentially growing. 
Non-Pharmacological Therapies in Parkinson’s Disease 
Research has found that non-pharmacological therapies, such as exercise programming, is 
generally effective in alleviating symptoms of PD, and improvements have been demonstrated in 
strength, physical functioning, quality of life, balance, and gait speed (Goodwin, Richards, 
Taylor R.S., Taylor A.H., & Campbell, 2008).  Given the sheer variety of physical activity 
options available, it is not surprising that interventions that have been examined are clinically 
heterogeneous with regards to the type of exercise. For example, research has investigated 
stretching (Palmer, Mortimer, Webster, Bistevins, & Dickinson, 1986), progressive exercise 
training (Comella, Stebbins, Brown-Toms, & Goetz, 1994), aerobic training (Burini, et al., 
2006), relaxation and muscle activation (Schenkman, et al., 1998), strength and balance training 
(Hirsch, Toole, Maitland, & Rider, 2003; Toole, Hirsch, Forkink, Lehman, & Maitland, 2000), 
and treadmill walking (Toole, Maitland, Warren, Hubmann, & Panton, 2005). Similarly 
heterogeneous, the frequency and duration of the exercise protocols range between 6 to 36 hours 
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spread over 4 to 12 weeks (Goodwin, et al., 2008). Interestingly, a review of the published 
literature concluded that the type of exercise is relatively unimportant for individuals with PD 
(Johnson & Almeida, 2007), and so the key to the effectiveness of a physical activity 
intervention is likely to be found within the ability of a program to create and sustain user 
interest. This is particularly important given that a frequently cited statistic in the physical 
activity literature is that approximately 20-50% of adults who begin an exercise program 
withdraw within the first 6 months (Dishman, 1988; Oldridge, 1984; Ward & Morgan, 1984); 
and these numbers are likely to be higher for individuals who experience mobility-related 
barriers.  
Virtual Reality Training 
One adjunctive strategy that may serve to create and sustain user interest is the use of 
virtual reality training. For many patient populations, virtual reality training has been embraced 
as an adjunct to conventional rehabilitation, and is showing very promising results in creating 
lasting motor changes (Deutsch, 2009; Dunning, Levine, Schmitt, Israel, & Fulk, 2008; Holden, 
2005). As a relatively new treatment paradigm, it is not surprising that the training regimens 
described in the studies vary greatly, ranging from approximately twenty hours over a four-week 
period (one hour per day, five days of the week) (Piron, Cenni, Tonin, & Dam, 2001) to 
approximately 45 hours (five hours per day for nine consecutive days) (Taub, Uswatte, & 
Pidikiti, 1999).  Despite this inter-study variability, however, the general conclusion appears to 
be that groups participating in virtual reality rehabilitation tend to have more favorable outcomes 
than groups that are not exposed to this adjunctive therapeutic approach (Holden, 2005).   
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Although previous research studies have evaluated the effects of incorporating virtual 
reality technology into rehabilitation strategies, these studies have typically focused on high-end, 
custom hardware and software, that is neither readily available nor affordable, thus making it 
unsuitable for large scale clinical or home implementation. In response to these limitations, 
researchers have recently focused their attention on consumer grade technology as it addresses 
both of these concerns. Specifically, the Nintendo Wii gaming console has drawn considerable 
attention from both the research and clinical community.  
Nintendo Wii  
The Nintendo Wii system is comprised of a console that attaches to a standard television, 
a wireless handheld controller, and several additional peripherals. One peripheral of particular 
interest here is the balance board. Similar to that of a bathroom scale, the board contains several 
sensors that measure body weight and respond to shifts in body position. Although originally 
designed for individual recreational entertainment within residential settings, a trend has 
developed to utilize the Wii system as an adjunctive tool within traditional rehabilitative 
contexts, a practice which has been termed Wii-habilitation. Specifically, the balance board has 
substantial potential to be beneficial in therapy with clients experiencing balance issues as it is 
easy to use, and can be used in conjunction with games such as Wii Fit Plus designed specifically 
to work on balance. For example, individuals may improve their ability to safely shift their 
weight by playing games that require the user to lean both forwards-backwards and side-to-side. 
Improvements in weight shifting may transfer to improvements in functional activities such as 
bed mobility that may in turn help increase ones level of independence (Hertz, 2009). In addition 
to balance, skills such as hand-eye coordination, motor planning, and figure-ground perception 
are targeted in several of the games. Positive reinforcement and knowledge of results that are 
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provided help to further facilitate improvements in task performance (Saposnik et al. 2010). 
Finally, as there is an option to select varying levels of difficulty, the optimal level of physical 
and cognitive exertion can be set (Clarke & Kraemer, 2009), thus ensuring the user is presented 
with “just the right challenge” (Hertz, 2009). 
Since its release in 2006, the Nintendo Wii has been cited as a potential adjunctive tool 
for physical rehabilitation, and has also been noted to have positive effects on mood and anxiety, 
particularly among older adults and individuals with limited mobility. The use of the Wii system 
as an adjunctive tool to train balance has many potential benefits over that of traditional therapy.  
In general, traditional therapy is relatively expensive, requires transportation to and from a clinic, 
and can result in diminished levels of adherence as individuals are forced to practice rote 
monotonous tasks.  Alternatively, the Wii system is a low cost, commercially available option 
that allows individuals to engage in therapy on their own time within the familiar and convenient 
surroundings of their own home. With several interactive game options available to select from, 
the literature suggests that the Wii is fun and enjoyable, and may help to foster increased levels 
of adherence (Williams, Doherty, Bender, Mattox, & Tibbs, 2011).  
Wii-habilitation 
Although the Wii has emerged into the rehabilitation community as a promising new 
delivery method of rehabilitation, evidence supporting the utility of the Wii in this context 
remains limited. Initial research in this area has predominantly focused on stroke rehabilitation. 
For example, Saposnik et al. (2010) found the Wii to be a feasible, safe, and potentially effective 
intervention to enhance upper extremity motor function for those recovering from stroke. 
Similarly, Lange, Flynn, Proffitt, Chang, and Rizzo (2010) conducted a study on individuals 
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affected with a stroke, where participants were interviewed concerning their experience using the 
Wii program. It was reported by all participants that the Wii activities were more enjoyable and 
engaging, in comparison to conventional physical and occupational therapy, even though all 
forms of therapy required similar levels of physical exertion. It was also noted that the games 
allowed participants to engage in activities not found in conventional therapy (Lange et al., 
2010).  A similar study conducted by Joo et al. (2010), discussed the overwhelmingly positive 
experiences of the participants, who felt that the Nintendo Wii was a more useful and effective 
therapy option than conventional therapy. The participants felt that the Wii was very enjoyable 
and would highly recommend the use of this tool for prospective clients.  
In addition to stroke, the Wii has been investigated in several populations with diverse 
rehabilitation needs. Wuang, Chiang, Su, and Wang (2011) examined the sensorimotor changes 
in children with Down Syndrome using the Nintendo Wii compared to standard occupational 
therapy.  Results indicated that participants in the Wii group had greater pre-post changes in 
motor proficiency, visual-integrative abilities and sensory integrative functioning as compared to 
those receiving standard occupational therapy treatment, thus demonstrating that the Wii could 
be used as a successful adjunctive form of treatment. Miller, Hayes, Dye, Johnson, and Meyers 
(2012) investigated the use of the Wii Fit balance games and body weight support to improve 
balance among two individuals with a lower limb amputation. The intervention consisted of 6 
weeks of 2 supervised sessions per week including 20 minutes of Nintendo Wii Fit balance 
gaming and 20 minutes of gait training using body weight support.  Both participants 
demonstrated improvement in dynamic balance and balance confidence with one participant 
reducing the need for an assistive device in community ambulation and the other participant 
improving his aerobic capacity. Deutsch, Borbely, Filler, Huhn, and Guarrera-Bowlby (2008) 
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examined the efficacy of the Wii to augment the rehabilitation of an adolescent with Cerebral 
Palsy. The treatment program consisted of eleven training sessions of 60-90 minutes of playing 
Wii Sports, and was designed to address: postural control, functional mobility, and visual 
perceptual processing.  Significant improvements were noted in all three domains. 
Nintendo Wii Balance Training in Healthy Young and Older Adults 
Although the Wii has been examined for its efficacy among several diverse rehabilitation 
contexts, a significant amount of attention has recently been placed on its utility as a tool to 
foster improvements in balance among both healthy young and older adults. Vernadakis, 
Gioftsidou, Antoniou, Ioannidis, and Giannousi (2012) examined the impact of the Wii as 
compared to traditional approaches within a sample of undergraduate students. The results 
indicated statistically significant improvements on the pre-post balance scores for each of the 
approaches, with no significant differences observed between approaches.  Young, Ferguson, 
Brault, and Craig (2011) utilized the Nintendo Wii Balance Board to train standing balance in 
older adults using specially designed games. Six healthy older adults were recruited to participate 
in ten 20-minute sessions of game play over a four-week period. Mean sway variability was 
noted to decrease in both medial-lateral and anterior-posterior sway in both eyes open and closed 
conditions, however statistically significant improvements were found only in the eyes closed 
anterior-posterior sway condition. Bateni (inpress) conducted a preliminary study which 
compared changes in balance experienced by healthy older adults following a 4-week exercise 
program that used the Wii Fit gaming system and/or traditional physical therapy. Participants’ 
were divided into three groups: one received both physical therapy and Wii training, one 
received physical therapy only, and the other received Wii training only. All three groups 
showed improvements on the Berg Balance Scale, however, while Wii Fit training alone did 
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improve balance, physical therapy or a combination of physical therapy and Wii Fit training led 
to greater overall improvements in balance. Similarly, Crotty et al. (2011) investigated the use of 
the Wii in physiotherapy against conventional therapy for hospitalized older adults using 
functional outcome measures and found improvements in both groups with the Wii showing a 
small significant difference on balance and the Timed Up and Go Test compared to the 
conventional group. 
Nintendo Wii Balance Training In Individuals with Known Balance Impairment 
Using the Nintendo Wii as an adjunctive therapy, researchers have also demonstrated its 
capacity to improve balance among individuals with known balance impairments. Clarke and 
Kraemer (2009) examined the impact of providing six Wii therapy sessions to a long-term care 
resident with a significant risk of falling. Results from this study demonstrated a decreased risk 
of falls, as shown by improvements of the resident’s Timed Up and Go and Berg Balance Scale 
scores. Deutsch (2009) compared a rehabilitation program based around the Wii Fit program to a 
standard balance and mobility program among individuals recovering from a stroke. Although 
the Wii program yielded a higher percentage of improvements than the standard program, a 
lower rate of retention in post-training results was revealed. Similarly, Bainbridge, Bevans, 
Keeley, and Oriel (2011) examined the effects of a Wii Fit balance program among community 
dwelling older adults with perceived balance deficits and demonstrated clinically significant 
improvements on the Berg Balance Scale following a 6-week intervention. Lastly, Meldrum, 
Glennon, Herdman, Murray, and McConn-Walsh (2012) assessed the usability of the Nintendo 
Wii Fit Plus system for the rehabilitation of balance impairment in vestibular and other 
neurologic diseases. Results revealed high levels of usability and enjoyment with 73% of 
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participants experiencing more enjoyment and motivation over that experienced with traditional 
physiotherapy. 
Nintendo Wii Balance Training in Parkinson’s Disease 
Although a growing body of knowledge is mounting, the literature currently contains few 
reports that examine the use of the Nintendo Wii within a clinical population of individuals with 
PD. Specifically, there have only been three investigations that examine the effects of utilizing 
the Wii to manage symptoms within this population. Hertz (2009) delivered an eight-week Wii 
exercise program in which 20 individuals with PD spent one hour playing the Wii three times per 
week. Significant improvements were found in rigidity, fine motor skills, energy levels, and 
depression. Interestingly, 60% of the participants decided to purchase a Wii of their own 
following the study, which Hertz believed to be testimony to the extent individuals enjoyed the 
program. Secondly, Alvarez and Rodriguez (2009) employed a case study design to examine the 
effectiveness of a 6-week Wii exercise program designed to improve the balance of a 68 year old 
male with an 8 year history of PD.  Although preliminary, results illustrated a decrease in disease 
severity and suggested that the Wii program could provide a safe, effective and enjoyable 
method to reduce physical inactivity. Finally, and most directly related to this current study, 
Esculier, Vaudrin, Beriault, Gagnon, and Tremblay (2012) conducted a 6-week home-based Wii 
balance training program using the Wii Fit and Balance Board. Participants included ten 
individuals with moderate PD and eight healthy controls. The training program entailed 40 
minutes of structured Wii based activity 3 days per week. Overall results were positive as 
significant improvements were noted on most functional outcome measures among both groups.  
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Present Research 
Overall, although these research findings have contributed to our understanding of the 
effects of implementing the Nintendo Wii as a clinical rehabilitation tool, evidence supporting 
the utility of the Wii for improving symptoms in PD remains limited. The purpose of this study, 
therefore, is to evaluate the effects of a 12-week home-based exercise program designed around 
the Nintendo Wii system, on improving balance, balance confidence, and exercise adherence, in 
a clinical population of individuals with PD. 
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CHAPTER 2: METHODS 
Recruitment Strategy and Study Sample 
A total of fifteen individuals diagnosed with idiopathic PD were recruited to participate 
in this study.  The diagnosis of idiopathic PD was confirmed by a neurologist (MEJ, study co-
supervisor) specializing in movement disorders, based on established diagnostic criteria (Hughes, 
Daniel, Kilford, & Lees, 1992). Participants were purposively recruited from a neurological 
practice in Southwestern Ontario. In order to participate in this study, participants needed to be 
cleared by their physician as being safe to partake in an exercise regimen of this nature. 
Specifically, participants were asked to participate only if they had a diagnosis of mild to 
moderate PD, were experiencing only mild impairments in balance, were cognitively intact 
functionally, and resided within close proximity (<100km) from the testing location.   
Severity of PD was assessed using the motor subscale of the Unified Parkinson Disease 
Rating Scale (UPDRS) (Fahn S and Elton R, 1987) and the Modified Hoehn and Yahr Staging 
Scale (H&Y) (Hoehn M and Yahr M, 1967).  The UPDRS is a standard clinical evaluation tool 
that rates rigidity, bradykinesia, tremor and mobility – scores range from 0 to 56, with 56 
indicating severe symptoms.  The H&Y is a functional scale that classifies PD on a scale from 1 
to 5, where 1 is unilateral involvement, 3 is bilateral involvement with mild balance impairment, 
and stage 5 is bedridden.  Participants were tested during their self-determined peak or “ON” 
phase of their medication cycle. To help ensure that all clinical participants were within their 
“ON” phase, testing was conducted approximately two hours after individuals took their usual 
medications, per the recommendations of Gauntlett-Gilbert and Brown (1998). Participants were 
excluded from the study if they reported experiencing major back or lower limb pathology that 
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may influence standing balance or if they obtained a score higher than a stage 3 on the Modified 
Hoehn & Yahr scale, as these individuals have (by definition) difficulty standing without 
assistance, and were considered to present an unacceptable risk of falling.  Participants’ 
demographics are presented in Table 1. The research protocol, recruitment method, and 
mechanism for obtaining informed consent were approved by the Health Sciences Research 
Ethics Board, at the University of Western Ontario (Appendix A). All participants provided free 
and informed written consent. 
Table 1.  
Participant Demographics 
Participant Sex Age Duration 
of Illness 
(years) 
Medication UPDRS 
III 
 
Hoehn & Yahr 
1 M 68 3 Levodopa 300 mg, 
Mirapex 0.375mg 
34 2.0 
2 F 73 6 Levodopa 200mg 12 2.0 
3 F 68 7 Levocarb 300mg, 
Mirapex 1.5mg 
25 2.0 
4 M 60 5 Levodopa 30mg, 
Mirapex 2.25mg 
24 2.0 
5 M 66 6 Levodopa 600mg 49 2.0 
6 F 71 12 Levodopa 300mg 9 2.0 
7 M 75 9 Levodopa 700mg 29 3.0 
8 F 63 16 Levodopa 150mg, 
Mirapex 2.25mg 
10 2.5 
9 M 58 6 None 26 2.0 
10 M 58 13 Levodopa 500mg 21 2.5 
11 M 73 10 Levodopa 700mg, 
Mirapex 4.5mg, 
Amantadine 300mg 
38 3.0 
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Testing Procedure 
All testing took place in the Interdisciplinary Movement Disorders Laboratory, located in 
Elborn College at the University of Western Ontario. Participants were assessed at three different 
time points throughout the course of the study: 1) baseline (within 1 week prior to starting the 
exercise program); 2) mid-intervention (6 weeks into the exercise program); and 3) post-
intervention (within 1 week after completing the exercise program). The testing protocol as 
outlined below was identical at all three time periods.   
Testing Sessions 
Prior to the baseline testing session participants were invited to read the letter of 
information describing the protocol for the study (Appendix B) and to sign a consent form 
(Appendix C) indicating that they were willing to participate. Participants were encouraged to 
ask any questions and were also made aware of their right to withdraw from the study at any time 
without any consequences.  To ensure that individuals who volunteered were safe to participate 
in an exercise program of this type, each volunteer was assessed by a neurologist (MEJ) 
specializing in movement disorders. Consenting participants were rated on the Unified 
Parkinson’s Disease Rating Scale (UPDRS Subsection III) and the Modified Hoehn and Yahr. 
Unified Parkinson’s Disease Rating Scale Subsection III – Motor Examination 
*UPDRS-III) (Appendix D). Subsection III of the UPDRS was developed to incorporate 
elements from existing scales to provide a comprehensive but efficient and flexible means to 
follow the longitudinal course of motor symptoms of PD. Usually evaluated in the form of an 
assessment with a physician, the scale consists of 14 items that are rated on a 5-point scale 
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ranging from 0 to 4 (Movement Disorder Society, 2003). Individual item ratings are summed to a 
total possible score of 56, with larger values corresponding to greater impairment. 
Modified Hoehn and Yahr (Appendix E). The modified Hoehn and Yahr stages PD on 
a scale from 1 to 5, ranging from unilateral involvement (Stage 1), to bilateral involvement with 
postural instability but no gait aids required (Stage 3), and finally to bedridden (Stage 5). 
Participants were included with Stages 1-3. 
Following these assessments, individuals cleared to participate completed the testing 
protocol as outlined below: 
Force Plate Measurement of Postural Stability (Centre of Pressure Length). Postural 
stability of each participant was quantitatively assessed using a model OR6-5 biomechanics force 
platform (AMTI Model OR6-5, Watertown, MA, U.S.A.), mounted flush with a wooden 
walkway. This device measures ground reaction forces, moments, and the centre of pressure 
under the feet. The force platform consists of an aluminum plate with embedded electronic force 
sensors. The output from the force sensors and the force platform amplifier provides force 
measurements in the three principal axes, and torque measurements about these axes.   
Postural stability was assessed under the following four standing balance tasks: 1) eyes 
open feet apart; 2) eyes open feet together; 3) eyes closed feet apart; and 4) eyes closed feet 
together. These tasks were selected based on their varying difficulty and common use in previous 
literature (Bauer, Groger, Rupprecht, & Gassmann, 2008). For each task, participants completed 
three 30-second trials, for a total of 12 trials (4 tasks x 3 trials).  Immediately prior to each trial 
participants were instructed to keep their hands at their side, and to remain as still as possible for 
the duration of the trial. Participants received 30 seconds of rest between successive trials within 
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each task, and a minimum of 60 seconds of rest between tasks. The testing order of tasks was 
randomly assigned for each participant. 
The balance outcome measure used in this study was the total length of centre of pressure 
path (COPL) as it has been shown to be a valid and reliable measure of postural stability 
(Salavati et al., 2009).  The COPL was calculated from data acquired using the force plate via the 
BioAnalysis software package [version 2.2] produced by the platform manufacturer. To 
minimize the potential for outlying data to influence the results, trials were averaged within each 
task such that a single COPL value was obtained for each task.  For the purpose of this study, 
improvement in balance will be defined as a decrease in the total length of the centre of pressure 
pathway. It is believed that a decrease in this measure is suggestive of greater postural stability, 
as it corresponds to a decrease in magnitude of overall body sway. In addition to quantifying 
improvements in stability (i.e., reduced COPL), the exercise program was evaluated on its 
efficacy in improving balance confidence, and maintaining participant adherence. 
For trials involving a normal stance (feet apart), participants were instructed to self-select 
an initial foot position that was comfortable with their feet approximately shoulder-width apart. 
For trials involving a narrow stance (feet together), participants were instructed to stand with 
their feet together and heels aligned.  
In addition to the aforementioned biomechanical assessment, participants were asked to 
complete the short version of the Activities-Specific Balance Confidence Scale (ABC).  
Activities-Specific Balance Confidence Scale (ABC) (Appendix F). Balance 
confidence was measured using the short version of the Activities-Specific Balance Confidence 
Scale (ABC) (Powell & Myers, 1995). Participants were given a list of 6 balance-challenging 
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tasks (e.g., standing on tip toes reaching for something above your head), and asked to rate their 
confidence level when performing each activity. The scale ranges from 0% to 100%, whereby 
100% represents full confidence (i.e., no fear of falling). This measure has been found to be a 
valid and reliable measure of balance and has demonstrated stronger relationships to falls than 
the full version of the measure (Schepens, Goldberg, & Wallace, 2010).  
Intervention: Wii Exercise Program Training 
Once all assessments were completed, participants were given a brief orientation to the 
Wii console and balance board, and scheduled an appointment within the following week to have 
the Wii system installed in their homes and to review the exercise program. Overall each testing 
session took approximately 1 hour to complete, and involved no risks or discomforts beyond 
those normally experienced when standing still for periods of 2 or 3 minutes. 
To ensure that all consoles were properly set-up, and placed in a safe location within the 
home, each participant received a home visit by an occupational therapist, the co-supervisor 
(JDH).  During the visit, the Wii system was installed, and participants received instruction, and 
were provided with hands on demonstrations of the safe performance of each activity, including 
how they could be graded for difficulty to meet individual needs (i.e., performing balance 
activities while holding onto the back of a chair). To ensure that each participant could operate 
the Wii system independently, participants were asked to demonstrate how to turn on the system 
and access one of the activities included in the exercise program.  
Participants were instructed that they were to engage in 30 minutes of Wii based activity 
three times per week, for a total of 90 minutes of activity per week for 12 consecutive weeks.  
All activities included in the exercise program utilized the Balance Board accessory, and were 
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from the video game Wii Fit Plus, which focuses on physical fitness. Although this game 
includes several activities in each of 4 fitness areas: (yoga, strength training, aerobics, and 
balance) the exercise program included only activities from the balance domain. To help sustain 
user interest, participants were free to select which balance activities they engaged in each 
session. Participants were, however, encouraged to select a variety of games (and just not their 
favorite) to ensure they practiced weight shifting in each direction. In addition, participants were 
discouraged from trying the Ski Jump game, as this activity requires the user to adopt positions 
and movements that may place them at an increased risk for a fall. A brief description of each 
balance activity is presented in Table 2. 
Prior to completing the home visit, participants were provided with written step-by-step 
instructions to refer to if needed, and were provided with a telephone number to call for ongoing 
support throughout the duration of the study. In addition, participants received a weekly 
telephone call by a member of the research team throughout the duration of the exercise 
intervention as to ensure participants were not experiencing technical difficulties and/or ill health 
concerns. 
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Table 2.  
Description of Balance Games 
Game Description 
Balance Bubble Participant directs a bubble by shifting their weight right or left 
down a winding river while trying to avoid the edges of the river. 
Shifting weight forward increases speed. Game ends when bubble 
reaches the end of the river, or when the bubble “pops” if it comes 
into contact with the side of the river. 
 
Table Tilt Participant shifts their weight right, left, forward and/or backward 
to tilt a table surface to direct a series of rolling balls into holes in 
the table. Difficulty level increases when each series of balls are 
successfully navigated into the holes. Game ends when time runs 
out. 
 
Soccer Heading Participant shifts weight right or left to head a series of soccer balls 
that are kicked at them while trying to avoid distracter objects (ie. 
soccer cleats, panda heads). Game ends when time runs out. 
 
Tightrope Tension Participant walks in place while attempting to cross a tightrope. 
Participant must bend and extend knees to jump over obstacles. 
Game ends when participant falls off tightrope, reaches other side, 
or when time runs out. 
 
Penguin Slide Participant shifts their weight right or left to tilt an iceberg and slide 
a penguin back and forth to catch fish. Faster weight shift makes 
the iceberg toss the penguin up to catch fish worth more points. 
Game ends when time runs out. 
 
Ski Slalom Participant shifts their weight right and left to navigate through a 
series of gates on a slalom ski course. Game ends when the end of 
the course is reached. 
 
Snowboard Slalom Participant stands on the balance board sideways and shifts their 
weight forwards and backwards to navigate through a series of 
gates on a slalom snowboard course. Shifting weight to the right 
increases speed. Game ends when the end of the course is reached. 
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CHAPTER 3: RESULTS 
It is important to note that although fifteen participants were originally enrolled in this 
study, data analysis was only conducted on a total sample of eleven participants.  Within the 
initial phase (first 6 weeks), 2 participants withdrew from the study secondary to medical 
conditions unrelated to participation in the exercise program, and one participant withdrew 
because her dyskinesias limited her ability to maintain a safe stance on the balance board. In 
addition, one participant was found to exhibit mean COP path length values greater than 3 
standard deviations away from the group mean for each of the balance tasks and therefore her 
data was thought to be questionable thus she was considered an outlier and removed from all 
subsequent analyses.  
Balance Centre of Pressure Length (COPL) 
To evaluate the effect of the Wii exercise program on balance, a two-way within subject 
analysis of variance was conducted. The dependent variable was the length of the centre of 
pressure pathway. The within subject factors were condition with 4 levels (eyes open feet apart; 
eyes open feet together; eyes closed feet apart; eyes closed feet together), and time with 3 levels 
(baseline (0 weeks); mid-intervention (6 weeks); and post-intervention (12 weeks)).  The time x 
condition interaction effect and the main effect of time were tested using Wilk’s Lambda.  The 
main effect of condition was not assessed as this comparison was not the intent of this study. 
The means and standard deviations for COPL for each condition separated by time are 
presented in Table 3. The time x condition interaction effect was non-significant, Wilks’ λ = 
0.692, F(6,5) = 0.370, p = 0.87, as was the main effect of time, Wilks’ λ = 0.771, F (2, 9) = 
1.333, p = 0. 311, thus indicating that the exercise program did not lead to statistically significant 
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balance improvements.  Although non-significant, the results demonstrated a clear pattern of 
balance improvement for each of the 4 conditions (Figure 1).  
Table 3.  
Means and (standard deviation) of center-of-pressure length in centimeters for each condition at 
baseline, mid-intervention (6 weeks) and post intervention (12 weeks) 
 
 
 
 
 EOFA EOFT ECFA ECFT 
Baseline 66.35 (56.52) 71.14(42.36) 73.43(60.83) 89.28(49.64) 
Mid-intervention 52.69(20.75) 57.23(21.71) 58.80(25.24) 73.81(33.88) 
Post-intervention 56.76 (37.07) 63.80 (31.45) 63.35(36.25) 80.92(43.93) 
EOFA= eyes open feet apart, EOFT= eyes open feet together, ECFA= eyes closed feet apart, 
ECFT= eyes closed feet together 
